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Preliminary and Short Report
ENZYMATIC BASIS FOR ACTIVE TRANSPORT OF Na
IN THE SWEAT GLAND TJNIT*
KENJI ADACHI, M.D., PH.D. AND SHoKo YAMASAWA, B.SC.
The term "active transport" is generally defined
as a phenomenon in which a substance is trans-
ported across a cell membrane against an electro-
chemical gradient. Thus, the active transport of
Na implies a biological process in which Na is
transported from the cytoplasm to the interstitial
fluid in which the Na coocentration is higher than
intracellular Na concentration (1).
Experiments on nerve and erythrocyte mem-
branes have indicated that the transport of Na
against an electrochemical gradient requires energy
which is specifically supplied by an enzymatic
hydrolysis of ATP.' This enzyme system has two
main characteristics: 1) its reaction, the hydrolysis
of ATP to ADP and Pi, is markedly activated by
a combination of Na and K, and 2) this activa-
tion is specifically inhibited by the cardiac glyco-
side, ouabain (1). The presence of the specific
ATPasc has been demonstrated in a number of
tissues including erythrocyte membranes, brain,
nerve, kidney, muscle, intestine, liver, electric
tissues, parotid gland, frog skin, ciliary body, lens,
retina, thyroid tissue and toad bladder (1).
Cage and Dobson (2) have recently shown that
the sodium concentration of the fluid elaborated
by homan sweat glands was within isotonic range.
They postulated that the fluid was formed by
active secretion of Na across the secretory coil
membrane.
The present communication, in which the Na'
and K' activated ATPase (Na-K-ATPase) is as-
sayed in the sweat gland unit, will furnish an en-
zymatic basis for the active transport of Na in
this speciahzed organ.
MATERIALS AND METHODS
Fresh biopsy specimens 1 x 2 cm were excised
without anesthesia from the scalp of adult rhesus
monkeys and the sole of adult pig-tail macaques.
Frozen sections cut in a cryostat at 50 to 100 p in
thickness were immediately vacuum dried for 10
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'Abbreviations used are: ATP = adenosine tn-
phosphate; ADP adenosine diphosphate; Pi =
inorganic phosphate; ATPase = adenosine triphos-
phatase; Na-K-ATPase sodium-potassium-acti-
vated ATPase; TCA trichloroacetic acid.
hours. The ecerine sweat gland units were dis-
sected out from these sections under the microscope
and weighed on a quartz fiber balance. Each sweat
gland unit weighed from 0.3 to 1.0 pg. An average
of 5 sweat gland units (2—3 pg total weight) was
placed in the bottom of micro test tubes (2.5 x
50 mm). Five pl of the following reagent mixture
(3) were added to each tube: 20 mM Tris buffer,
pH 7.4; 2.5 mM ATP; 5 mM MgCh; 80 mM
NaC1; and 40 mM KC1. The tubes were incubated
for 60 minutes at 37° C, at which time the reac-
tion was stopped by the addition of 2 pl of TCA
(30%). Subsequently 100 pi of molybdate ascorbic
acid reagent (4) were added to each sample. The
development of the blue color, due to Pi, was
measured at 870 mp after 30 minutes. Standards
consisted of 10 to 20 mpmoles Pi/tube. Two kinds
of blanks were used: one was reagent blank and
the other was tissue blank to which the reagent
mixture without ATP was added. Ouabain was
added at a concentration of 1 X 10° M.
RESULTS AN]) DiSCUSSION
The activities of ATPase in the eccrine sweat
gland units in the scalp of rhesus monkeys are
summarized in Table I. The omission of Na' and
K' (Group II) caused considerable decrease in
ATPase activity. When ouabain was added at a
final concentration of 10° M to the complete assay
system, ATPase activity was depressed to the
same extent. In spite of the somewhat large varia-
tion of ATPase activity within each group, as
shown in Table I, columns 3 (range) and 4
(standard deviation), statistical analysis indicates
that the difference between the complete assay
system and the Na'-K omitted system is highly
significant (at the 1% level). Similarly, the differ-
ence between the complete system and the ouabain
inhibited system is significant at the 5% level.
There is no significance between groups II and III.
Essentially the same results were obtained when
ATPase activities were measured in the eccrine
sweat gland units in the sole of the pig-tail ma-
eaque (Table II). The addition of ouabain at the
same final concentration (10-' M) caused marked
depression of total ATPase (cf group I vs II). The
omission of Na and K' from the reagent mixture
also caused the lowering of ATPase activity to the
same extent as the ouabain inhibition (group I vs
III). When the ouabain was added to the reagent
mixture without both Na' and W, ATPase activity
did not change (groups III and IV). This clearly
indicates that ouabain eounteraets with Na-K-
510
NA+ -ACTIVATED ATPSSC IN SWEAT GLANDS 511
ATPase in sweat gland units. Statistical analysis
shows a highly significant difference between group
I (1.72 moles/kg dry wt/hr) and the other 3
groups (0.71 to 0.84 moles/kg dry wt/hr), which
are essentially the same.
In the present study the ATPase activities are
expressed on a dry weight basis, i.e., moles of
ATP hydrolyzed per hour per kg dry weight of
sweat gland units, since the microdissection of
sweat gland was made on frozen-dried skin. The
assay of a specific ATFase in a sweat gland unit
would not have been possible without quantitative
histochemical technics described as above.
The specific ATPase activity participating with
Na transport may be calculated by subtracting the
ouabain inhibited ATPase activity from the total
ATPase activity assayed in the complete system.
Therefore, Na-K-ATPase of the sweat gland of the
rhesus monkey is approximately 020 moles/kg dry
wt/hr and that of the pig-tail macaque 1.0 moles/
kg dry wt/hr. No definite conclusions may be
made with these two different Na-K-ATPase
values with the limited experiments thus far con-
ducted. However, it may be speculated that much
higher Na-K-ATPase in eccrine sweat gland of
sole than that of scalp may be a reflection of
physiological capability, i.e., the sweat glands of
the sole of these primates perspire but those of
the scalp do not in physiological condition. The
difference in Na-K-ATPase activities may also be
due to species or individual differences. Further
experiments are clearly needed to explore the
relationship between the sweat gland function and
Na-K-ATPase activity in the sweat gland unit.
The above data have referred to ATPase in the
eccrine sweat gland units, which may include
both the secretory coil and the coiled portion of
the sweat duct. It is extremely difficult to dis-
tinguish the gland from the coiled duct when
dissecting the unstained frozen-dried section. How-
ever Na-K-ATPase in these two sections of the
sweat gland unit must be assayed separately to
elucidate the precise sites of Na transport. At
the present stage, we assume the presence of two
different sites of Na transport, i.e., one, the mem-
brane of the secretory cells facing the lumen and/or
the intercellular canaliculi (participating in the
active Na secretion), and the other, the basement
membrane of the coiled portion of the sweat duct
(participating in reabsorption of Nat, namely ac-
tive Na transport). Whereas histochemical meth-
ods are the only available tools to demonstrate the
precise sites of Na-K-ATPase, most of the tissue
fixatives used for the demonstration of ATPase,
such as Ca or glutaraldehyde used for electron
microscopic histochemistry, are potent inhibitors
for the Na-K-ATPase. It is evident that new
methods will have to be developed for the demon-
stration of this specific enzyme.
SUMMARY
The presence of specific adenosine triphosphatase(ATPase) is demonstrated in the eccrine sweat
Assay system Average Range S.D.e* No.t
I Complete 0.58 0.38—1.02 0.19 9
II NaandK 0.37 0.26—0.57 0.11 7
omitted
III Complete+ 0.39 0.20—0.66 0.13 10
ouabain
TABLE II
ATPase activities in the eccrine sweat gland units
in the sale of the pig-tail nsocaque*
Assay system Average Range S.D. Nn.
I Complete 1.72 1.01—2.45 0.42 10
II Complete + 0.71 0.43—1.22 0.31 9
ouabain
III Na and K 0.82 0.48—1.45 0.29 10
omitted
IVNa and Kt 0.84 0.31—1.47 0.36 9
omitted +
ouabain
gland units in the scalp of the rhesus monkey (0.2
moles/kg dry wt/hr) and in the sole of the pig-
tail macaque (1 mole/kg dry wt/hr). This ATPase
is activated by combination of Na and K, and
this activation is counteracted by ouabain (10 M)
which is a specific inhibitor of Na transport. Thus,
the occurrence of Na-K-ATPase in the sweat gland
unit provides an enzymatic basis for participation
of active transport of Na in the tissue.
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TABLE I
ATPose activities in the eccrine sweat gland onits
in the scalp of the rhesus morskey*
* Activity is expressed as moles of ATP hy-
drolyzed per kg dry weight per hour.
** Standard deviation.
t Number of determinations.
* ATPase activity is expressed as moles of AT P
hydrolyzed per kilogram dry weight per hour.
